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Department of Cardiovascular Surgery, Heart Institute of Japan, Tokyo Women’s Medical University Hospital, Tokyo, JapanBackground. Rastelli and reparation a l’etage ventricu-
laire (REV) procedures have been applied for biventricular
repair of transposition of great arteries with ventricular
septal defects and pulmonary stenosis (TGA III). In some
patients with TGA III, whose tricuspid valve (TV) chordae
tendineae are attached to the infundibular septum,
abnormal TV chorda insertion may cause intracardiac
rerouting obstruction. For such cases, we performed a
conal ﬂap” (CF) procedure involving mobilization of the
infundibular septum including TV chordae as a pedicled
ﬂap. This study evaluated the long-term outcomes of this
CF method.
Methods. Between October 1985 and December 1999,
17 consecutive patients with TGA III underwent a
Rastelli-type or an REV-type procedure using CF. Me-
dian age at operation was 4.8 years (range, 1.5 to 14.0
years).
Results. The mean follow-up period was 17.8 ± 7.2
years. One hospital death and one late death occurred.Accepted for publication Jan 11, 2016.
Address correspondence to Dr Fuchigami, Department of Cardiovas-
cular Surgery, Heart Institute of Japan, Tokyo Women’s Medical Uni-
versity, 8-1 Kawada, Shinjuku, Tokyo 162-8666, Japan; email:
taifuchigami@yahoo.co.jp.
 2016 by The Society of Thoracic Surgeons
Published by ElsevierThe freedom from death rates were 94.1%, 94.1%, and
85.6% at 5, 10, and 15 years, respectively. The freedom
from death or reoperation rates were 94.1%, 55.8%, and
46.5% at 5, 10, and 15 years, respectively. No reoperations
were performed for the left ventricular outﬂow tract
(LVOT) or TV. The average LVOT maximum ﬂow ve-
locity was 1.26 ± 0.50 m/s. TV regurgitation was greater
than mild in 3 patients (20%) and trivial to mild in 12
patients (80%). Thirteen patients were in New York Heart
Association (NYHA) functional class I, and 2 patients
were in NYHA functional class II.
Conclusions. The long-term outcomes, including the
daily life activities, LVOT pressure gradients, and TV
regurgitation grades, were excellent in patients who un-
derwent Rastelli-type and REV-type procedures using CF
for TGA III.
(Ann Thorac Surg 2016;102:186–91)
 2016 by The Society of Thoracic Surgeonshe Rastelli procedure [1] and reparation a l’etageTventriculaire (REV) procedure [2] have been widely
applied for the biventricular repair of transposition of the
great arteries (TGA) with ventricular septal defect (VSD)
and pulmonary stenosis (so-called TGA III), and the
surgical and long-term outcomes have been stable [3–5].
However, we have occasionally seen some patients with
TGA III whose tricuspid valve (TV) chordae tendineae are
attached to the infundibular septum. This structural ab-
normality of the TV tissue may cause obstruction of
intracardiac rerouting from the VSD to the aorta. For such
cases, we adopted the technique of mobilizing an infun-
dibular septum with TV chordae as a pedicled ﬂap,
termed the conal ﬂap (CF) method. Furthermore, the
short-term to midterm surgical outcomes of the Rastelli-
type operation using the CF method have beenexcellent [6]. Therefore, in this study, we evaluated the
long-term outcomes of the CF method.Patients and Methods
This single-center retrospective study was approved by
Tokyo Women’s Medical University Hospital Research
Integrity and Compliance in Japan. The need for written
informed consent was waived.
Conal Flap Method
Even though the chorda of the TV was malinserted into
the infundibular septum, we performed intracardiac
rerouting with preservation of the TV chordae. Figure 1A
shows the TV malinsertion into the infundibular septum
in a cross-sectional view of the right ventricle. We created
the infundibular septal ﬂap, including the TV chordae, by
making a reversed L-shaped incision on the subaortic
portion of the infundibular septum. One incision was
anterior and vertical and the other was subaortic. The
septum was pulled backward as a pedicled ﬂap. The VSD
patch (intracardiac rerouting route) was sutured around0003-4975/$36.00
http://dx.doi.org/10.1016/j.athoracsur.2016.01.055
Fig 1. Conal ﬂap (CF) method. (A) Tricuspid valve (TV) malinsertion into the infundibular septum is shown in a cross-sectional view of the RV.
The infundibular septal ﬂap, including the TV chordae, was created by making a reversed L-shaped incision from the anterior side to the subaortic
portion of the infundibular septum. (B) The intracardiac rerouting patch is shown sutured at the left ventricular side of this ﬂap, and the ﬂap was
reattached onto the right ventricular side of the patch. (C) A cross-sectional view of the left ventricle (LV)–ascending aorta (AAo) route. The
infundibular septum was sifted to the right ventricular side, and this contributes a large and straight route from the LV to the AAo. (D) and
(E) Variation of the CF. A reversed L-shaped incision was made to a pedicled ﬂap of the septum including the medial papillary muscle.
(PA ¼ pulmonary artery; Patch ¼ intracardiac rerouting patch; RA ¼ right atrium; VSD ¼ ventricular septal defect.)
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The VSD patch was sutured at the left ventricular (LV)
side of this ﬂap. The aortic cross-clamp was released to
inﬂate the intracardiac rerouting route to allow determi-
nation of the appropriate place for reattachment of the
mobilized portion of infundibular septum. Then, the ﬂap
was reattached onto the right ventricular (RV) side of the
patch (Fig 1B). We have previously described the tech-
nical aspects of the CF method in detail [7]. This method
could preserve the TV function, as well as provide a large
and straight route from the left ventricle to the aorta
because of a similar effect of the enlargement of VSD
(Fig 1C).
In our series, the CF had been reattached on the pari-
etal side of the right ventricle in the ﬁrst 2 patients. In the
next 2 patients, the CF had been reattached onto the
intracardiac rerouting patch. In the 3 subsequent patients,
the CF had been reattached on the other side of the conus
septum. None of these patients had signiﬁcant TR duringshort-term follow-up. However, we thought that reat-
tachment onto the patch had placed the chordae in a
natural position (near the original position) without
excessive force. Therefore, we reattached the CF at the RV
side of the patch in the other 10 consecutive patients.
Except in some early patients, we have performed the CF
method on the patch in principle. According to the vari-
ation of chordae malinsertion, some variations of the CF
methods occurred (Fig 1B, D, E). However, because the
CF is a pedicled ﬂap, reasonable reattachment sites are
limited.
Study Patients
Between October 1985 and December 1999, 17 consecu-
tive patients with TGA III underwent a Rastelli-type or
REV-type procedure using the CF method at the Heart
Institute of Japan. The patients were identiﬁed from
medical records for inclusion in the study. Patients with
heterotaxy syndrome or other complex congenital heart
Fig 2. Estimated Kaplan-Meier survival curve. (A) Freedom from
death. (B) Freedom from death or reoperation. The dotted line is the
95% conﬁdence interval range.
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procedure were excluded [8]. All patients except the pa-
tient who died in the hospital were followed up post-
operatively in our institution. The characteristics of the 17
study patients are presented in Table 1. The median age
at surgical repair was 4.8 years (range, 1.5 to 14.0 years).
Twelve patients underwent the Rastelli-type procedure
using the CF method, and the other 5 patients underwent
the REV-type procedure using the CF method. All pa-
tients had perimembranous-type VSD. The CF was sewn
onto the intracardiac rerouting patch in 12 patients, on
the other side of the conus septum in 3 patients, and on
the parietal side of the right ventricle in 2 patients.
Statistical Analysis
Descriptive statistics are presented as frequencies and
percentages for categorical variables. Continuous vari-
ables are expressed as the mean value and standard de-
viation. Kaplan-Meier curves were generated for time to
adverse event-free survival and overall survival. All sta-
tistical calculations were performed using JMP Pro
version 11 (SAS Institute, Inc, Cary, NC).Results
Two late deaths occurred. The mean follow-up period for
the remaining patients was 17.8  7.2 years. One patient
died of heart failure in the other hospital 3.5 months after
the initial operation, and the other patient died suddenly
at home 14.6 years after the initial operation. The esti-
mated freedom from death rates were 94.1% (95% conﬁ-
dence interval [CI]: 68.0% to 99.2%) at 5 years, 94.1% (95%
CI: 68.0% to 99.2%) at 10 years, and 85.6% (95% CI: 56.1%
to 96.5%) at 15 years (Fig 2A). The estimated freedom
from death or reintervention rates were 94.1% (95% CI:
68.0% to 99.2%) at 5 years, 55.8% (95% CI: 31.7% to 77.4%)
at 10 years, and 46.5% (95% CI: 23.1% to 71.5%) at 15 years
(Fig 2B). All reinterventions were reoperations for RV
outﬂow tract (RVOT) obstruction and/or regurgitation.
Typical patients had to undergo reoperation for RVOT
approximately 10 years after the initial surgical proce-
dure. However, there were no reinterventions for LV
outﬂow tract (LVOT) obstruction or TV during follow-up.Table 1. Patients’ Characteristics
Characteristics Values
Total number of patients 17
Male/female 8/9
Body weight at operation (kg) 15.0 (8.7–35.5)
Age at operation (years) 4.8 (1.5–14.0)
Palliative intervention
Blalock-Taussig shunt 8 (47.1%)
Balloon atrioseptostomy 3 (17.6%)
Procedure
Rastelli type 12 (70.6%)
REV type 5 (29.4%)
REV ¼ reparation a l’etage ventriculaire.Echocardiography was performed 15.4  9.2 years
postoperatively in all 15 survivors. It revealed that the
average maximum ﬂow velocity at the LVOT was 1.26 
0.50 m/s; thus, there were no signiﬁcant pressure gradi-
ents from the left ventricle to the aorta (Fig 3A).
TV regurgitation was detected to be greater than mild
in 3 patients (20%) and trivial to mild in the other 12
patients (80%) (Fig 4). At this examination, the ratio of RV
pressure to LV pressure was 0.49  0.12 (Fig 3B).
Although it was difﬁcult to identify motion of the chordae
by echocardiography, we could conﬁrm the motion of the
anterior and septal TV leaﬂets. Most of the identiﬁed TV
regurgitation occurred from the center of the coaptation
of TV.
Thirteen patients were assessed to be in New York
Heart Association (NYHA) functional class I, and 2 pa-
tients were assessed to be in NYHA functional class II
at 18.0  7.5 years postoperatively (Fig 5A). Twelve (80%)
of the 15 living patients were desk workers or students.
One patient was a housewife and gave birth twice. The
other 2 patients also were not inconvenienced by any
treatment-related or condition-related issues during daily
life (Fig 5B). All patients could acceptably perform activ-
ities of daily living. Furthermore, we did not detect any
atrioventricular block or severe arrhythmia in all surviv-
ing patients.Comment
The Rastelli procedure [1] has been widely applied for the
biventricular repair of TGA III since 1969, and long-term
experience with this procedure has been reported [3].
More recently, estimated freedom from death and trans-
plantation rates were reported to be 93.8% at 10 years
and 57.5% at 20 years [4]. The REV [2] and Nikaidoh [8]
procedures were reported in the 1980s, and long-term
Fig 3. Postoperative evaluation by
echocardiography at long-term
follow-up. (A) Maximum ﬂow
velocity at left ventricular outﬂow
tract. (B) Ratio of right ventricular
(RV) pressure to left ventricular (LV)
pressure.
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Reports have shown overall survival rates ranging from
85% to 87% at 25 years for the REV procedure [5, 9]. Good
midterm results have been reported for the Nikaidoh
procedure [10, 11]. Comparisons between the Rastelli and
REV procedures [12], the Rastelli and Nikaidoh pro-
cedures [13], and all three procedures [14] have also been
reported. Although some reports have noted satisfactory
early and late results for these procedures, there have
been relatively high reintervention rates for the Rastelli
procedure and low reintervention rates for the Nikaidoh
procedure. Moreover, modiﬁcations of the REV or
Nikaidoh procedures, or both, have also been reported by
Nagata [15], Kandeel and colleagues [16], Yamagishi and
associates [17], and Sakamoto and colleagues [18].Fig 4. Postoperative tricuspid valve regurgitation at long-term
follow-up. Number of patients.Nevertheless, the Rastelli procedure is still the most
popular procedure currently. In a survey, 45.9% of
responding surgeons and cardiologists believed that the
Rastelli procedure should be considered the ﬁrst option,
whereas 39.3% and 11.5% of the respondents believed
that the Nikaidoh and REV procedure should be consid-
ered the ﬁrst option, respectively [19]. Honjo and associ-
ates [20, 21] suggested a new scoring system for the
determination of the optimal surgical procedure for TGA
with LVOT obstruction; nevertheless, the number of pa-
tients who underwent the Rastelli procedure after deter-
mining the optimal procedure was 6 of 28.
We preferred Rastelli-type procedure for patients who
have TGA (III) with TV malinsertion into the infundib-
ular septum using this CF method [7] and have already
reported the short-term to midterm results for this
method [6].
There are some reports describing the beneﬁts of VSD
enlargement on the outcome of the Rastelli procedure
[22]. The CF method involves VSD enlargement com-
bined with the transfer of the interrupting chordae and
may contribute to the enlargement of the LVOT. No sig-
niﬁcant pressure gradient at the LVOT was observed in
our series even in the long term.
Reimplantation of the TV papillary muscle has been
reported for neonatal TV pupillary muscle rupture [23]
and adult traumatic TV papillary muscle rupture
[24], with satisfactory surgical outcomes. Conversely,
although it has been demonstrated only in an in vitro
mitral valve model, papillary muscle displacement has
been shown to create abnormal valve stress and the
potential for signiﬁcant regurgitation from the commis-
sure [25]. Therefore, positioning during reimplantation
may require extra care. The mechanism of TV regurgi-
tation is thought to be related to pulmonary artery or RV
pressure, ventricle geometry, annular dilatation, and
papillary muscle displacement [26]. In our series, we
Fig 5. Postoperative activities of
daily life at long-term follow-up.
(A) New York Heart Association
(NYHA) functional class.
(B) Current lifestyle.
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echocardiographic image: the center of the leaﬂet
coaptation and the basal part of the TV septal leaﬂet.
Although the ratio of median RV pressure to LV pres-
sure was 0.5, most patients had higher than mild pul-
monary valve regurgitation grade and RV dilatation.
This appeared to be TV regurgitation. However, the
other reason for regurgitation was unclear, although it
was presumably caused by the CF method or pledgeted
sutures placed used along the tricuspid annulus during
the intracardiac rerouting procedure.
This study had several limitations. First, this was a
retrospective single-center experience, and the number of
patients enrolled was small. Second, the surgical indica-
tion for use of the CF method was determined by the
surgeon during operation. From the intraoperative ﬁnd-
ings, if the surgeon subjectively thought that the transfer
of the chordae was needed, the CF method was
performed.
Although acceptable TV regurgitation grades in the
patients treated by the CF method were observed, we
could not conﬁrm the activity of the transferred chordae
by echocardiography. Some of the chordae involved in
the CF method appeared to be ﬁbrogenic and became
stuck during the reoperation for RVOT patch or conduit.
The patient had not been diagnosed as having signiﬁcant
TV regurgitation; therefore, TV had not been adequately
observed. Third, all patients were diagnosed as having
perimembranous-type VSD; therefore, some patients
received pledgeted sutures during intracardiac rerouting
on the septal leaﬂet of the TV. The inﬂuence of these
sutures was unclear.
In conclusion, the surgical outcomes of the Rastelli-type
and REV-type procedures using the CF method for TGA
III were excellent. The patients’ ability to perform activ-
ities of daily living, the pressure gradients from the left
ventricle to the aorta, and the TV regurgitation grades
were acceptable during long-term follow-up. The only
reason for the reoperations in this series was RVOT patchor conduit, and no patient required intervention for
LVOT or TV problems. The CF method could be used for
patients with TGA III who develop LVOT obstructions
during intracardiac rerouting.References
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